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[57] ABSTRACT 

An interference nulling system is provided which nulls 
out all types of interference signals received in different 
lobes of the receiving antenna. The data to be received 
is transmitted from a high quality circular polarized 
transmitter antenna having the same polarization as the 
data receiving port of the receiving antenna. The re- 
ceiving antenna also has a receiving port whose circular 
polarization is orthogonal to the antenna port receiving 
the data so that this latter channel contains only inter- 
ference signals. The interference signals in this latter 
channel are correlated with the interference compo- 
nents in the data channel. A control loop is employed to 
adaptively adjust the phase (or delay) and amplitude of 
the sample of the interference signal and the adaptively 
adjusted interference signal is subtracted from the data 
signal which contains some of the interference signals, 
thus, providing a clean data signal. 

18 Cairns, 7 Drawing Sheets 
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INTERFERENCE NULLING SYSTEM FOR 
ANTENNAS 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The present invention relates to nulling systems 
adapted to separate desired received data link signals 
from interference signals and/or jamming signals. More 
specifically, the present invention relates to right hand 10 
and left hand circular polarized electric field vectors or 
components and to a method of eliminating interference 
signals sensed at the receiver of the data link. 

2. Description of the Prior Art 

Heretofore, data link systems have been made which 15 
employ linear polarization (LP); right hand circular 
polarization (RHCP); and left hand circular polzriza- 
tion (LHCP) of the polarized electric field vectors. 

The problem with employing linear polarization in an 
air to ground or ground to air data link is that the polar- 20 
ization of the received signals are dependent on the 
orientation of the antenna at the aircraft transmitter, and 
when the antenna is rotated with maneuvers of the 
aircraft, the orientation of the electric field vector is 
also changed and may become cross-polarized with the 25 
orientation of the receiving antenna at the ground sta- 
tion so that no signal or an attenuated signal is received. 
For this reason, data links employing aircraft have 
tended to employ right hand or left hand circular polar- 
ization at the antennas. 30 

A typical prior art example is found in U.S. Pat. No. 
4,051,474 which teaches an array of eight transmitting 
and receiving antennas which are adapted for radar use. 
The dipole antenna array polarization can be adjusted 
to be orthogonal to the polarization of a single interfer- 35 
ence signal in the main beam. The problem with this 
nulling system is that the system can only be set to 
overcome one interference signal of unique orientation 
and does not deal with interference arising in the side 
lobes or back lobes or dynamic interference signals. 40 

In my copending application Ser. No. 874,448, filed 2 
Feb. 1978, a polarization nulling system is taught which 
is capable of dealing with a single polarization interfer- 
ence signal at a time and only interference signals that 
are in the main lobe of the antenna radiation pattern. 45 

It would be extremely desirable to provide a nulling 
system that deals with interference arising in the main 
lobe as well as the side lobes or back lobes and is also 
capable of dealing with more than one interference 
signal of different polarizations at the same time. 50 

SUMMARY OF THE INVENTION 

It is a principal object of the present invention to 
provide a novel interference nulling system which deals 
with more than one interference signal which may 55 
occur in the main lobe, the side lobes or the back lobes. 

It is another principal object of the present invention 
to provide a data link system which transmits the data 
link signal on one polarization, either left hand or right 
hand circular polarization, and receives signals on both 60 
left hand and right hand circular polarization so that the 
signals received on the polarization orthogonal to the 
transmitted data link signal are identified as interference 
signals. 

It is another principal object of the present invention 65 
to receive interference signals on one port of a receiving 
antenna and receive data link signals, which contain 
interference signals, on the other port of the same an- 



2 

tenna and to sample the interference signals in the data 
link signal path so as to correlate the sample signal with 
the interference signal and to null out the interference 
signal. 

It is a general object of the present invention to pro- 
vide a nulling system in the form of a compact circuit 
structure which may be packaged in a small box or 
container at the receiving antenna. 

It is another general object of the present invention to 
provide a nulling system capable of nulling out multiple 
interference signals within a wide band. 

It is another general object of the present invention to 
provide means for switching the polarization of the 
receiving antenna and the transmitting antenna to avoid 
similar or identical orientation with interference signals 
so as to optimize the received data link signal. 

It is another general object of the present invention to 
separate the desired data link signal from the interfer- 
ence signal by generating highly accurate circular po- 
larized signals at the transmitter and the receiver. 

It is another general object of the present invention to 
provide an adaptive controller which automatically 
adjusts the amplitude and phase of the interferring sig- 
nal samples so as to null the component of interference 
in the data signal channel. 

According to these and other objects of the present 
invention, there is provided a data link system having an 
extremely high quality circular polarized transmitting 
antenna and a high quality identically circular polarized 
receiving antenna for receiving data link signals. The 
receiving antenna is also provided with a high quality 
circular polarized receiving port which is orthogonal to 
the antenna port which receives the data link signals 
thus assuring that little or no data link signal is present 
on the orthogonally polarized port and providing a true 
sample of the interference signal isolated from the de- 
sired data link signal. A sample of the signal in the data 
link signal channel is multiplied in an error detector 
with the sample of the interference signal in the channel 
containing the interference signal so as to produce a DC 
error signal output that is applied to an adaptive con- 
troller which adjusts the phase (delay) and amplitude of 
the interference signal. The interference signal is 
summed with the desired data link signal containing 
interference signals so as to null out the interference 
signal in the channel containing the data link signal and 
the interference signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic drawing showing receiving 
antenna patterns and the relative position of the data 
link transmitter and sources of interference signals; 

FIG. 2 is an end view of a preferred embodiment 
circular polarized conical horn antenna having both a 
right hand and a left hand circular polarized receiving 
port; 

FIG. 3 is a schematic side view of the circular polar- 
ized conical horn antenna of FIG. 2 showing the put- 
puts of the receiving ports and a preferred embodiment 
pin type polarization converter in the horn; 

FIG. 4 is a schematic side view of a waveguide type 
circular polarized conical horn antenna showing wave 
guard ports and a dielectric slab polarization converter 
in the horn; 

FIG. 5 is a schematic block diagram showing connec- 
tions to a transfer switch of the type employed to re- 
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verse the connections of the outputs of the two antenna ponents separated in space and time 90 degrees from 

ports of the conical horn shown in FIGS. 2 through 4; each other. Transmission line 18 is preferably a coaxial 

FIG. 6 is a schematic block diagram of a preferred cable having a center conductor 25 extending into the 

embodiment nulling system showing a single nulling horn 13 to provide coupling to the received right hand 

loop of the type employed to eliminate a single interfer- 5 circular polarized signal and is positioned one quarter 

ence signal; wavelength from the end of the horn 13. Similarly, 

FIG. 7 is a schematic block diagram of a modification center conductor 26 of transmission line 17 is positioned 

of FIG. 6 showing in-phase and quadrature sampling of 90 degrees away from transmission line 18 and probe 25 

the interference signal sample; to receive left hand circular polarized signals. Linea- 

FIGS. 8A and 8B are a schematic block diagram of a 10 rally polarized interference signals will be received at 

preferred embodiment nulling system showing a plural- both ports or probes 25, 26 because the linear polarized 

ity of nulling loops of the type employed to eliminate a interference signals pass through the converter 24. 

plurality of interference signals; These signals are picked up by the ports or probes 25, 26 

FIG. 9 is a schematic block diagram of a modification equally. It will be understood from the previous expla- 
of a part of the nulling system of FIG. 7 showing a IS nation that the desired data link signal which was trans- 
single summing circuit; and mitted as a right hand circular polarized signal will 

FIG. 10 is a frequency plot diagram showing a plural- appear on transmission line 18 with some interference 

ity of individual sub bands which are covered by a signals, whereas the signal appearing on transmission 

plurality of nulling loops. line 17 will not contain any of the desired data link 

am SSSSSSS m ' " KEi5Ei=AEE=S£K: 

UMBUiJXiiMfcN i& transmission line 18. When the jamming signal is lin- 

Refer now to FIG. 1 showing a data link 10 which early polarized and the plane of polarization of this 

comprises a transmitter 11 coupled to a switchable dual jamming signal is changed, two possibilities occur, 

polarization transmitter-receiving antenna for transmit- 25 When the jamming signal is in the main lobe, the 

ting and receiving high quality right hand circular po- amount of interference signal received at the two trans- 

larization or left hand circular polarization data link mission lines and their probes remains equal. However, 

signals. The transmitted data link signals are received at if the interference signal is directed into the side lobes or 

switchable dual polarization receiving antenna 13 back lobes the amount of energy couple into the two 

which is also capable of transmitting commands. An- 30 probes 25 and 26 will vary depending on the polariza- 

tenna 13 is also a high quality circular polarized antenna tion. 

similar to antenna 12. The antenna pattern for antenna Refer now to FIG. 4 showing a different type micro- 

13 (showing conically scanning or lobing) comprises wave circular polarized conical horn 13' having wave 

main lobes 14, side lobes 15 and back lobes 16. The guide output ports 17' and 18' and showing a dielectric 

signals received by antenna 13 are delivered to transmis- 35 slab polarization converter 27. The modified embodi- 

sion lines 17 and 18 which are connected to a first and ment of FIG. 4 is employed for higher powered anten- 

second antenna port respectively as will be explained nas and consist of a dual mode waveguide transducer 

hereinafter. capable of separating horizontally and vertically polo- 

For purposes of explaining the present invention, it rized waves incorporating converter 27 and horn an- 

will be assumed that the data link signal will be trans- 40 tenna 13'. 

mitted on the antenna 12 as a right hand circular polar- Refer now to FIG. 5 showing a transfer switch of the 

ized signal, however, it will be understood that the type which may be employed to reverse the connec- 

desired data link signal may be transmitted as a left hand tions of the transmission lines at the receiving antenna 

circular polarized signal. The antenna pattern 14, 15, 16 13. The same switching technique may be employed at 

is shown as having a conically scanned pattern which 45 the transmitting antenna 12 as will be explained herein- 

could be fixed and that the jamming signal of antenna 21 after. Transmission lines 17 and 18 are shown connected 

is directed into the main lobe 14 of the conical scan to band pass filters 28 and to low noise amplifiers 29 to 

pattern. Miscellaneous interference signals on arrow produce output signals on lines 31 and 32 which are the 

22 are also directed into the main lobe 14 and the miscel- reverse circular polarization of the input signals on lines 

laneous signals on arrow 23 are directed into the side 50 17 and 18. To accomplish the reverse connection, a 

lobe pattern 15. Other interference signals may be di- transfer switch 33, physically or electrically reverses 

rected into the back lobe pattern 16 and all such inter- the connection of the transmission lines 17 and 18 when 

ference signals will appear on the left hand circular activated by switch actuation control solenoid 34 or 

polarized port which is connected to transmission line equivalent means. The switch 34 is preferably posi- 

17. Since the desire data link signal was transmitted as a 55 tioned to niinimize the jamming and interference sig- 

right hand circular polarized signal, it will be received nals. 

on the right hand circularized port connected to trans- Refer now to FIG. 6 showing a block diagram of the 

mission line 18 and the signal on this transmission line preferred embodiment nulling system having a single 

will also contain some interference signals which could nulling loop. As explained hereinbefore for purposes of 

be as much as the interference signal contained on trans- 60 this explanation, the desired data link signal is being 

mission line 17 that does not contain any of the desired presented on the transmission line 18 as a right hand 

data link signal. circular polarized signal and has been converted to a 

Refer now to FIGS. 2 and 3 showing a circular polar- complex wave which has sinusoidal components. Simi- 

ized conical horn receiving antenna 13 having polariza- larly, the interference signal on transmission line 17 has 

tion converter pins 24 which cause a 90 degree phase 65 interference signals which constitute a complex wave of 

shift of one of the two components of the circular polar- sinusoidal components and the outputs appearing on 

ized signal. The circular polarized signal of the type lines 31 and 32 may be the same process components or 

being transmitted consists of two plain polarized com- reversed by employing the transfer switch explained 
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hereinbefore with respect to FIG. 5. The data signal detector 48' along with the unused signal from the other 

channel or primary signal path comprises transmission line 59 or 40. The output produced on lines 51, 51' are 

line 18, filter 28, amplifier 29, output line 32, summing in-phase and the quadrature error signals may be ap- 

circuit 35 and the output transmission line 36 which is plied to the adaptive controller 52. By employing the 

coupled to the receiver (now shown). The interference 5 quadrature error detector, the error signal applied to 

nulling channel comprises the transmission line 17, out- the adaptive controller 52 would always be present 

put line 31 and its intermediate components 28, 29, regardless of the phase of the interference signal, 

power divider 37, a second amplifier 29, adjustable Refer now to FIG. 8 which shows a replication of the 

phase (or delay) control 38 and adjustable attenuation nulling control loops and a replication of the sampling 

control 39 having its processed output on line 41 applied 10 means of the FIG. 6 embodiment. The plural loops are 

to summing circuit 35. The nulling control loop starts at designed to handle multiple interference signals within 

power divider 37 and includes the down converter the band of the desire data link signal being transmitted, 

mixer 42, amplifier 43, band pass Miter 44, a second The elements and components in the FIG. 7 embodi- 

amplifier 45 connected by line 47 to a second band pass ment which are identical to those employed in FIG. 6 

filter 46 whose output on line 40 is applied to the error 15 are numbered the same as FIG. 6 and do not require 

detector mixer 48. The error detector mixer 48 is prefer- detailed explanation of their operation. It will be noted 

ably a double balanced mixer wired to provide a syn- that when the single channel or loop is divided into 

chronous detector. The output of error detector 48 is multiple channels or loops that the suffix designations A 

applied to a DC error amplifier 49 and the DC output to D are employed with the numbers of the compo- 

on line 51 is applied to an adaptive controller 52. Such 20 nents. New power dividers 62 and 63 are employed in 

adaptive "controllers are commercially available, how- the nulling control loop and the sampling means respec- 

ever, adaptive controller 52 is preferably a digital con- tively. Power divider 37 is modified and a plurality of 

troller having a microprocessor which takes the error band pass microwave filters 60A to 60D are incorpo- 

signal on line 51 and produces output signals on lines 53 rated into output line 41 to define the individual nulling 

and 54 which are adapted to adjust the phase controller 25 loops. Similarly, individual control loops and sampling 

38 and the attenuation control 39 so as to drive the error loops with their own adaptive controllers 52A to 52D 

voltage on line 51 to zero. In the preferred embodiment, are employed for each of the interference signal bands 

the adaptive controller 52 is programmed to adjust and to be eliminated. 

optimize the output on line 53 so as to reduce the input Refer now to FIG. 9 which is a modification of the 
signal on line 51 to a minimum before adjusting and 30 embodiment shown in FIG. 8 employing multiple chan- 
optimizing the output on line 54. It will be understood nels A to D and a power combiner 65 at a single sum- 
that an iterative process will produce and optimize and ming circuit 35. Otherwise, the components and ele- 
minimize error signals on line 51 as well as following ments of FIGS. 6 and 8 are the same and do not require 
changing dynamic conditions which were not possible additional modification. Summing circuit 35 is commer- 
in the prior art. 35 cially availble as directional couplers or magic T micro- 
Primary signal channel sampling means comprises a wave components. The attenuates 39 are available as 
signal sample coupler 55 connected to down converter ferrite attenuates or pin diode attenuaters. The phase 
mixer 56 which produces an output that is amplified at shifter 38 may be a tap delay line with diodes for select- 
IF amplifier 57 and filtered at IF band pass filter 58 to ing the tap or may be a wave guard rotary phase shifter, 
produce an output signal on line 59 which is applied to 40 The down converter mixer shifters and error detector 
the error detector 48. These signals applied to error may be constructed from coaxial double balanced mix- 
detector 48 via line 59 contain samples of the desired ers which are commercially available, 
data signal as well as undesirable residual interference Refer now to FIG. 10 showing a hypothetical exam- 
signals of the type received on the left hand channel 17 pie frequency plot of a plurality of individual bands 
and are being presented on input line 40 to error detec- 45 which may be covered by a plurality of nulling loops 
tor 48. When the interference signal components on and sampling circuits. In the preferred embodiment data 
lines 40 and 59 are correlated in frequency, a DC com- links, the band pass spectrum for the desired data link 
ponent is produced on line 50 which is processed and signal is very broad and preferably of the order of sev- 
amplified to produce the desired error signal on line 51. eral hundred megahertz of bandwidth, thus, are suscep- 
Local oscillator 61 provides a fixed local oscillator 50 tible to interference signals over a large frequency spec- 
reference signal for down converting the signal sample tram. In order to reject the more narrow band interfer- 
at mixer 56 and the inteference sample at mixer 42 to ence signals, it is preferred to employ a plurality of 
preserve frequency coherence of the signals being ap- nulling control loops of the type shown in FIGS. 6 and 
plied to the error detector 48. 8 having band pass filters 58 and microwave filters 60. 

It will be appreciated that all of the components 55 In FIG. 6 the nulling circuit is applying a wide band 
shown in the nulling system of FIG. 6 may be imple- nulling signal via line 41 to slimming circuit 35. In FIG. 
mented with inexpensive commercially available com- 8, the four nulling circuits are applying their nulling 
ponents to provide an extremely accurate and stable signals on lines 41A to 41D via individual microwave 
nulling system which may be packaged into a small box band pass filters 60A to 60D so as to produce narrow 
or container that may be mounted on or adjacent to the 60 cancelling sub bands 64A to 64D which are, for exam- 
antenna 13 so that the transmission lines 17 and 18 are pie, 50 to 75 megahertz wide and cover the preselected 
extremely short and the delays incurred are insignifi- and desired broad band of 200-300 megahertz of the 
cant. - desired data link signal. It will be noted that the filters 
FIG. 7 is a schematic block diagram showing a modi- 58A to 58D are receiving down converting signals and 
fication to FIG. 6 for enhancing the error signal on line 65 are IF band pass filters which cover the same down 
40. The signal on line 40 or 59 may be applied to a conversion band whereas the filters 60A or 60D are 
quadrature phase shifter 30 to provide a phase shifted microwave filters which cover the band of the desired 
signal which is applied to a quadrature channel phase data link transmitted signal. 
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Having explained a preferred embodiment and modi- 2. An interference nulling system as set forth in claim 

fications of the preferred embodiment, it will be under- 1 wherein said receiving antenna comprises a high qual- 

stood that the present invention nulling system will >ty polarizer antenna. 

cancel out and/or null interference signals which are 3. An interference nulling system as set forth in claim 
received in the side lobes and back lobes as well as the 5 2 wherein said received right hand polarized signal are 
main lobe. Further, the novel nulling system is operable high quahtynon-efoptical signals, 
as long as the interference signals are not identically 4 , An interference gulling system as set forth in claim 
polarized with a desired transmitted signal. However, if » wherem said mterference nulling control loop and 
such identical polarization does occur, the transfer «<> *«f <=, hannel samplmg m^s both corn- 
switch explained hereinbefore with respect to FIG. 5 »° {«* » ~ «* a down converter ta "« * 1 
can be activated at the receiving ground station and a l °fZScrcnc nulling system as set forth in claim 
signal sent to the remote teansmitter which activates a ^ e ^d error detecting means in said interfer- 
smmar transfer switch at the transmitter 11 and antenna ^^control loop comprises a mixer. 

1 - * j i. j- * * a * •** a 15 6. Aii interference nulling system as set forth in claim 

In the preferred embodiment system, the transmitted 1 wherein ^ error de J^ mcans in said interfer- 

signal is very near a perfectly circular polarized signal ^ nuU . , comprises a double balanced 

and the transmitting antenna and receiving antenna are t0 prov ide a correlator, 

very precise so as to provide good isolation between the 7 ^ interference nulling system as set forth in claim 

RH and the LH channels. Stated differently, the more 2Q t wherein ^ d suniming circuit comprises a directional 

perfect the circular polarization of the transmitted and coupler. 

received signal, the more perfect the isolation between g An interference nulling system as set forth in claim 

the signal channel and the interference channel. j wherein said receiving ports comprise a coaxial hy- 

What is claimed is: brid ring connected to said receiving antenna. 

1. An interference nulling system for antennas com- 25 9, An interference nulling system as set forth in claim 

prising: 1 where said receiving ports comprise magic T wave- 

a receiving antenna of the type having a pair of re- guides connected to said receiving antenna, 

ceiving ports for receiving right hand circular po- 10. An interference nulling system as set forth in 

larized signals and left hand circular polarized sig- claim 1 wherein said adjustable amplitude control 

nals, 30 means comprise a ferrite attenuator. 

converter means in said antenna for converting said 11. An interference nulling system as set forth in 

circular polarized signals at said ports into linear claim 1 wherein said adjustable amplitude control 

polarized signals, means comprises a pin diode attenuator. 

a primary signal channel connected to the receiving 12. An interference nulling system as set forth in 

port for receiving primarily desired data link sig- 35 claim 1 wherein said adjustable phase control means 

nals plus some interference signals, comprises a tapped delay line. 

said primary signal channel comprising signal pro- 13* An interference nulling system as set forth in 

cessing means and a summing circuit having an claim 1 wherein said primary signal channel comprises 

output coupled to a receiver, a plurality of summing circuits in series, the last of 

an interference nulling channel connected to the 40 which is provided with the output coupled to said re- 
other receiving port and to said suniming circuit ceiver. 

for receiving only interference signals and no data , 14 « A* mt ^ erence »^hn& svstem 88 ■* m 
link signals and for applying processed interference claim 13 wherein said mterference nu^g channel corn- 
signals to an input of said summing circuit and for P nses f P luraht V f J senes ^ connected ^adjustab e phase 
producing an optimized clean deWed data link « control means and adjustab ^ 
signal output from said summing circuit substan- ^ Par^d connected between said power di- 
tially free of interference signals, vider and one of said plurah y of said summing circuits. 
. j • : , 7^ * , 15. An interference nulling system as set forth in 

said interference nulling channel comprising a power ^ JE5 "iSSJt nulling control loop 

divider, adjustable phase control means and adjust- $Q «™ ^J^^^^^ a plu X 0 f error 

able amplitude control means connected in series, ^ one * for ^ summin circ ^ t and said series 

an mterference nulling control loop connected be- connected phasc control means and adjust- 
tween said power divider and said adjustable phase aWc m ^ ^01 means, 
control means and between said power divider and 16 ^ interference nulling system as set forth in 
said adjustable amplitude control means having an „ claim 15 whercin ^ controller further corn- 
adaptive controller for adjusting the phase and prisc a piun^y 0 f adaptive controllers, one for each 
amplitude of said processed interference signals error detector. 

applied to the input of said summing circuit; 17t ^ interference nulling system as set forth in 

error detecting means connected in series in said i* wherein said sampling means coupled to the 

nulling control loop and having an error signal input of said error detecting means comprises a plurality 

output connected to said adaptive controller, and 0 f different pass band pass filters, the output of each one 

primary signal channel sampling means coupled to being connected as an input one of said detectors, 

the output of said summing circuit and to an input 18. A method of removing interference signal from 

of said error detecting means for generating an desired data link signals, comprising the steps of trans- 
error signal output from said error detecting means 65 mining high quality right hand circular polarized data 

which is applied as an input to said adaptive con- link signals to a receiver, 

troller indicative of the phase and amplitude of said receiving said high quality transmitted right hand 

interference signal in said primary signal channel. circular polarized data link signals at a high quality 
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receiver having an antenna port adapted to receive 
only right hand circular polarized signals, said 
received data link signals containing some interfer- 
ence signals, 

receiving only interference signals at a receiver an- 
tenna port adapted to receive only left hand circu- 
lar polarized signals, 

processing said received interference signals in an 
interference channel connected to an input of a 
summing circuit, 

processing said received data link signals containing 
some interference signals in a primary signal chan- 
nel connected to another input of said summing 
circuit, 



10 



15 



taking a sample of the interference signals in said 
primary signal channel free of said data link signals 
and applying them to an error detector, 

taking a divided portion of the processed interference 
signals in said interference channel and applying 
them to said error detector to produce at the output 
of said error detector an error signal, 

applying said error signal to an adaptive controller, 
and 

coupling the output of said adaptive controller to 
adjustable phase and amplitude control means in 
said interference channel to correlate the interfer- 
ence signal input to said summing circuit with the 
residual interference signal in said primary signal 
channel input to said summing circuit to provide an 
optimized clean data link signal output from said 
summing circuit. 
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